Received June 11, 1973; revision accepted for publication August 6, 1973August 6, . 1234 of exercise testing and coronary arteriography have noted the occurrence of ischemic or "positive" exercise tests in patients with normal coronary arteriograms, raising the question of a relative lack of specificity of exercise electrocardiography.'15 The frequency of "false-positive" exercise tests in the general population is presently undetermined, but it may be as high as 10% of patients undergoing complete cardiac evaluation.
SUMMARY
Twelve patients with false-positive ECG exercise tests presented with ischemic ECG responses (greater than one mm ST segment depression) during graded maximal treadmill exercise testing in the absence of exercise-induced chest pain or clinical coronary heart disease. Coronary arteriography, left ventriculography and hemodynamic evaluation revealed no significant abnormality in these patients. Transmyocardial lactate analysis during atrial pacing revealed a normal extraction (mean 21%) during pacing stress in five patients.
Nine of 12 patients were evaluated with exercise potassium-43 myocardial perfusion imaging whereby the radioactive tracer was administered intravenously during exercise at a time when abnormal ECG changes were present. Myocardial images in these nine patients all showed a normal homogeneous pattern of radioisotope distribution. These results are in direct contrast to findings in patients with coronary heart disease in whom reproducibly demonstrable abnormal regions of decreased potassium-43 accumulation have been noted in myocardial images obtained following injection of the radioactive tracer during exercise. Potassium-43 exercise myocardial perfusion scanning thus appears to be an accurate noninvasive method of assessing patients with suspected false-positive exercise tests and provides a means of increasing the specificity of exercise testing.
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Radioisotope techniques T HE APPEARANCE OF abnormal ST segment depression during ECG monitoring of patients undergoing exercise stress tests has been traditionally equated with the presence of occlusive coronary atherosclerosis, transient myocardial ischemia, and shortened life expectancy.1'5 Recently, however, several comparative studies of the results of exercise testing and coronary arteriography have noted the occurrence of ischemic or "positive" exercise tests in patients with normal coronary arteriograms, raising the question of a relative lack of specificity of exercise electrocardiography.'15 The frequency of "false-positive" exercise tests in the general population is presently undetermined, but it may be as high as 10% of patients undergoing complete cardiac evaluation.
In order to document the presence or absence of coronary atherosdlerosis in subjects with ECG responses suggesting ischemia, coronary arteriography has been required. This procedure, which is costly and requires hospitalization, is not without risk. We have recently described an alternative, noninvasive approach for the evaluation of regional myocardial perfusion and the detection of myocardial ischemia.16 17 (fig. 4,  5 ). This pattem-previously described in a series of 12 normal subjects16-suggests the absence of obstructive coronary atherosclerosis. These results are in direct contrast to findings in an initial series of patients with positive exercise tests and angiographically proven coronary heart disease in whom reproducibly demonstrable abnormal regions of decreased radioactive tracer accumulation have been noted in the myocardial images obtained following injection of 43K during exercise ( fig. 1) . 16 We have to date increased our series to 50 patients with coronary heart disease and transient myocardial ischemia, and have noted only one falsenegative and one equivocal exercise 43K image. Of particular importance, two patients with coronary heart disease who were initially suspected of having false-positive ECG exercise tests, had exercise potassium-43 myocardial scans which were abnormal in the posterolateral left ventricular region ( fig. 6) . Subsequently, coronary arteriography demonstrated Myocardial Our results appear to indicate that ischemic regions of decreased 4"K accumulation are not obscured by overlying activity in normal myocardium. The contrast enhancement used probably contributes to ease of visualization of these abnormal areas. When only a single vessel demonstrates high grade obstruction, the left anterior oblique view is often most helpful. However, both anterior and left anterior oblique views are necessary for complete evaluation. Visualization of the inferior wall of the left ventricle is facilitated in the exercise image because of reduction in overlying hepatic activity secondary to redistribution of blood flow away from the splanchnic bed during exercise."'6 17 The central region of decreased radioactivity due to the left ventricular cavity'8 is small and surrounded by a halo of uniform radioactivity within the myocardial wall. Centrally located cold ANT LAO areas which are the result of myocardial ischemia are larger and extend to the peripheral margin of the image in both the anterior and left anterior oblique views. Discussion The association of abnormal or positive exercise tests with clinical and preclinical coronary heart disease has been established. ST segment depression is the hallmark of the positive exercise test.'-r The mechanism of this surface electrophysiologic event has not been completely defined, and may be due in part to neural and hormonal events or electrolyte shifts which occur regularly during myocardial hypoxia, but which may also occur under nonipathologic circumstances. With the recent widespread use of coronary arteriography, in fact, the less than ideal specificity of positive exercise tests has been appreciated.',13 Although the occurrence of false-positive responses to exercise has been documented in several studies, little cli.nical detail concerning such patients has been The absence of myocardial lactate production during pacing stress and the absence of exerciseinduced chest pain differentiate these patients from those with "angina and normal coronary arteries" described by others.22 24 Likewise, the absence of marked posturally-related heart rate changes and ECG responses distinguish our patients from those described by Friesinger et al. in whom the falsepositive exercise tests and other ECG changes were ascribed to "vasoregulatory abnormalities." 25 Eveni though the clinical suspicion of coronary heart disease was very low in our patients, asymptomatic ischemic heart disease could not be excluded arnd, in fact, was present in two patients presenting with a similar clinical pattern. Potassium-43 exercise myocardial perfusion scanning proved to be accurate in excluding the diagnosis of coronary heart disease in patients with false-positive exercise tests. In none of these subjects was an abnormal scani noted; this is in direct contrast to our results in patients with coronary heart disease and angina pectoris, as well as our results in two asymptomatic patients with positive exercise tests and angiographically proven coronary atherosclerosis.
This noninvasive technique is safe, easy to perform, and reproducible. A quantitative approach to this as yet qualitative technique would be desirable. This will require use of the scintillation camera with modification of currently available collimation in order to reduce the loss of resolution associated with imaging of a high energy tracer such as 43K with this instrument. Our current imaging instrulment, the rectilinear scanner, is the simplest of currently available scanning instruments anid is available in most hospitals. The radionuclide is available commercially, and the radiation dose is well within accepted limits. It would thus seem appropriate to employ potassium-43 myocardial imaginlg as described in the screening of patients with positive ECG exercise tests, but otherwise little suspicioIn of coronary heart disease. We believe that in this manier a significant increase in the specificity of exercise testing can be achieved.
